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OBJECTIVES This study was performed to evaluate the feasibility of the physiologic assessment of jailed
side branches using fractional flow reserve (FFR) and to compare the measured FFR with the
stenosis severity assessed by quantitative coronary angiography (QCA).
BACKGROUND It is not well-known which side branches should be treated after stent implantation at main
branches and how to assess the functional significance of these lesions.
METHODS Ninety-seven jailed side branch lesions (vessel size2.0 mm, percent stenosis50% by visual
estimation) after stent implantation at main branches were consecutively enrolled. The FFR
was measured using a pressure wire at 5 mm distal and proximal to the ostial lesion of the
jailed side branch.
RESULTS The FFR measurement was successful in 94 lesions. Mean FFRs were 0.94  0.04 and 0.85 
0.11 at the main branches and jailed side branches, respectively. There was a negative correlation
between the percent stenosis and FFR (r  0.41, p  0.001). However, no lesion with 75%
stenosis had FFR0.75. Among 73 lesions with75% stenosis, only 20 lesions were functionally
significant.
CONCLUSIONS The FFR measurement in jailed side branch lesions is both safe and feasible. Quantitative
coronary angiography is unreliable in the assessment of the functional severity of jailed side
branch lesions, and measurement of FFR suggests that most of these lesions do not have
functional significance. (J Am Coll Cardiol 2005;46:633–7) © 2005 by the American
ublished by Elsevier Inc. doi:10.1016/j.jacc.2005.04.054College of Cardiology Foundation
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3he bifurcation coronary lesion is one of the most challeng-
ng lesion subsets in interventional coronary angioplasty.
reatment of this lesion is associated with low procedural
uccess and high complication and restenosis rates (1–4).
ecause interventionists are stenting longer lesions than
efore and are treating more and more lesions than ever,
ecause of the development of the drug-eluting stent, more
ide branches are included in the stented segments. In
ddition, even with drug-eluting stents, which have dramat-
cally reduced the restenosis rates (5–7), bifurcation lesions
till have a relatively high restenosis rate, especially at the
stium of the side branches (8–10).
There have been various studies on how to treat bifurca-
ion lesions (1–4,8–10), yet it is still not clear which side
ranches should be treated after stent implantation of the
ain branch lesion and how the functional significance of
hese lesions ought to be assessed. Furthermore, a simple
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704-0001), and the Korean Society of Circulation, Industrial-educational coopera-
ion 2004 (2004–5).l
Manuscript received February 14, 2005; revised manuscript received April 20,
005, accepted April 25, 2005.orphologic analysis may not be able to accurately assess
he functional significance of jailed side branch lesions.
Fractional flow reserve (FFR) is an easily obtainable
esion-specific parameter for the physiologic evaluation of
picardial coronary artery stenosis that takes into account
he interaction between the anatomic stenosis and the area
f perfusion supplied by a specific coronary artery (11–13).
he FFR is being increasingly used to assess the functional
ignificance of coronary artery stenosis and to guide in the
ecision to intervene in ambiguous and complex lesions
14–20).
Therefore, this study was preformed to evaluate the safety
nd feasibility of the physiologic assessment of jailed side
ranches with a pressure wire. Furthermore, we compared
he measured FFR with the stenosis severity assessed by
uantitative coronary angiography (QCA) to examine
hether morphologic stenosis in these lesions correlates
ith functional stenosis.
ETHODS
tudy population. Patients with de novo coronary bifur-
ation lesions with jailed side branches after successful
tenting of the main branch were prospectively and consec-
tively enrolled. Jailed side branches needed to have
hrombolysis In Myocardial Infarction (TIMI) flow grade
with an ostial stenosis 50%, vessel size 2 mm, andesion length 10 mm by visual estimation. Patients were
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FFR in Jailed Side Branches August 16, 2005:633–7xcluded if any one of the following was present: left main
tenosis, totally occluded lesion, infarct-related artery or
ngiographically visible thrombus, diffuse or significant
istal lesion at a side branch, significant lesion at a main
ranch proximal to stented segment, regional wall motion
bnormalities of the stented artery and jailed side branch
egments, left ventricular ejection fraction 40%, primary
yocardial disease, left ventricular hypertrophy, serum cre-
tinine 2 mg/dl, predilation of side branch before the
ain branch stent implantation, or contraindications to
denosine.
This study was approved by the Institutional Review
oard of Seoul National University Hospital, and all pa-
ients gave informed consent to participate in the study.
tudy procedure. Coronary stenting of the main branch
as performed with standard interventional techniques.
fter successful stenting, 200 g nitrate was administered
nd a reference image was obtained. Pressure measurements
ere performed using a 0.014-inch pressure guidewire
PressureWire, Radi Medical Systems, Uppsala, Sweden) as
reviously described (13). The FFR was measured at 5 mm
istal to the jailed side branch ostial stenosis to assess the
everity of stenosis and at 5 mm proximal to the lesion in the
ain branch to evaluate the influence of the proximal lesion.
yperemia was induced with intracoronary bolus adminis-
ration (80 g), followed by an intracoronary continuous
nfusion (240 g/min) of adenosine. Intracoronary adeno-
ine was infused through the guiding catheter. Only the
istal pressure was monitored during adenosine infusion,
nd when the distal pressure reached a minimum, infusion
as stopped and the FFR was measured immediately. The
ower FFR value at each site was used in the analysis.
esions with FFR 0.75 were considered to have function-
lly significant stenosis.
Quantitative coronary angiography (Quantcor QCA, ver-
ion 4.0, Pie Medical Imaging, Maastricht, the Nether-
ands) was performed by a single experienced technician
ho was blinded to the FFR value. Minimal luminal
iameter, percent stenosis, and reference vessel diameter of
ide branches were measured.
The decision to treat the side branch lesion was up to the
perator’s discretion after the measurement of FFR. Clinical
ollow-up was performed at one month after stent implan-
ation, and every two to three months thereafter.
tatistical analysis. Data are presented as means  stan-
ard deviations for continuous variables and frequency for
ategorical variables. Comparisons of continuous variables
ere performed using the Student or paired t test. Analyses
Abbreviations and Acronyms
FFR  fractional flow reserve
QCA  quantitative coronary angiography
TIMI  Thrombolysis In Myocardial Infarctionf discrete variables were performed using the chi-squareest. Correlations between the FFR and percent stenosis
ere analyzed using the Spearman correlation analysis.
eceiver-operating characteristic curve analysis was used to
xamine the increase in percent stenosis as a predictor of the
unctional significance of a lesion (FFR 0.75). The result-
ng sensitivity and specificity were calculated. All statistical
nalyses were performed using SPSS version 11.0 (SPSS
nc., Chicago, Illinois), and a p value of 0.05 was
onsidered statistically significant.
ESULTS
rom June 2003 to August 2004, 97 lesions in 92 patients
ere consecutively enrolled. Among these lesions, FFR
easurements of 94 lesions (97%) in 89 patients were
uccessfully obtained. The FFR measurements could not be
btained for three lesions because of one case of type C side
ranch dissection and two cases of wiring failure. Clinical
haracteristics and baseline angiographic data are summa-
ized in Table 1.
Most lesions were located in the diagonal branches
78%). The mean percent stenosis, reference vessel diame-
er, and lesion length of jailed side branch lesions were 79
1%, 2.23  0.45 mm, and 7.0  3.3 mm, respectively
Table 2). Mean FFR measured in the main branches,
roximal to jailed side branches, was 0.94  0.04 (range,
.86 to 1.0), whereas the mean FFR measured in the jailed
ide branches, distal to the ostial lesion, was 0.85  0.11
fter intracoronary 80-g bolus adenosine administration
nd 0.84  0.12 with 240-g/min adenosine continuous
nfusion. Adenosine continuous infusion induced better
yperemia in jailed side branches (p  0.02). Because an
FR 0.75 has been shown in previous studies to suggest
ignificant functional stenosis (11–13), we divided the
esions into two groups according to the FFR of the side
ranch lesions (0.75). We found that there were no signif-
cant differences between the two groups in terms of lesion
ocation, bifurcation type, and FFR at main branch (0.95 
.03 vs. 0.94  0.04, p  0.15).
Although there was a negative correlation between per-
ent stenosis and FFR (r  0.41, p  0.001) (Fig. 1), no
able 1. Clinical and Angiographic Data of the Patients (n  89)
ge, yrs 62  9
ale 64 (72%)
isk factors
Diabetes mellitus 30 (32%)
Hypertension 55 (59%)
Hypercholesterolemia 15 (16%)
Current smoker 30 (32%)
table angina/unstable angina 35 (37%)/34 (36%)
eft ventricular ejection fraction, % 60  7
ulti-vessel disease 46 (39%)
tents in main vessel (n  96)
Drug-eluting stents 82 (85%)
(CYPHER 70, TAXUS 12)
Diameter, mm 3.0  0.3
Length, mm 28.9  11.3
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August 16, 2005:633–7 FFR in Jailed Side Branchesesion with 75% stenosis had FFR 0.75 and wide
ariations in FFRs were shown even in lesions with 75%
tenosis, suggesting not only that lesions with morphologic
tenosis less than 75% did not show functional significance,
ut also that even lesions that on simple angiography seem
o be severe actually have a wide range of functional
ignificance when examined using FFR. Among 73 lesions
ith 75% stenosis, only 20 lesions (27%) had functionally
ignificant stenosis (Table 3). In relatively large side
ranches (2.5 mm) with 75% stenosis (n  21), 8
esions (38%) had FFR 0.75.
The optimal cutoff value for percent stenosis to predict
unctionally significant stenosis was 85% (sensitivity, 0.8;
pecificity, 0.76), yielding an area under the curve of 0.85
95% confidence interval, 0.76 to 0.94) (Fig. 2).
Among the 20 lesions with FFR 0.75, kissing balloon
nflation was performed in 8 lesions. Clinical follow-up was
vailable in all but one patient. Mean follow-up duration
as 9.6  4.6 months (range, 3 to 23 months). During
able 2. Angiographic Characteristics of Jailed Side Branch
esions (n  94)
esion location
Diagonal branch 71 (76%)
Obtuse marginal branch 19 (20%)
Posterior descending artery 3 (3%)
Posterolateral branch 1 (1%)
ifurcation type (ICPS classification)
1 55 (58%)
2 12 (13%)
3 17 (18%)
4 10 (11%)
uantitative coronary angiography
(before/after stenting)
Minimal luminal diameter, mm 1.21  0.46/0.45  0.25
Reference diameter, mm 2.23  0.40/2.23  0.45
Percent stenosis, % 45  20/79  11
Lesion length, mm 6.7  2.9/7.0  3.3
CPS  Institut Cardiovasculaire Paris Sud.Figure 1. Correlation between fractional flow reserve and percent stenosis.
j
iollow-up there were seven cases of target lesion revascular-
zation. Six of them were caused by restenosis of the stent
mplanted in the main branch lesion. In patients with an
nitial FFR 0.75 in the side branch, there were no adverse
vents or target vessel revascularizations. Of the 20 side
ranch lesions with initial FFR 0.75, one patient had side
ranch target lesion revascularization that had not been
reated initially. There was no death or myocardial infarc-
ion during follow-up.
ISCUSSION
he decision to intervene in a jailed side branch is a difficult
ne, and at present, there are no clear guidelines regarding
ow these lesions should be treated. Because FFR is a
esion-specific parameter that can measure the functional
ignificance of a stenotic lesion, FFR may be useful in the
ecision to treat a jailed side branch lesion. This study
hows, for the first time to our knowledge, that the
hysiologic assessment of a jailed side branch lesion, using a
able 3. Fractional Flow Reserve and Angiographic Percent
tenosis in Jailed Side Branches
% Stenosis
>50, <75 >75
ll lesions (n  94)
FFR 0.75 0 20 (27%)
FFR 0.75 20 53
essel size 2.5 mm (n  28)
FFR 0.75 0 8 (38%)
FFR 0.75 7 13
FR  fractional flow reserve.
igure 2. Receiver-operating characteristic curve using percent stenosis to
redict functionally significant stenosis (fractional flow reserve 0.75) inailed side branch lesions (area under the curve, 0.85; 95% confidence
nterval, 0.76 to 0.94)
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FFR in Jailed Side Branches August 16, 2005:633–7ressure wire to assess its functional severity, is both safe
nd feasible. Furthermore, our data also show that there is
iscordance between the functional significance and the
onventional morphologic stenosis severity measured by
CA.
Percutaneous coronary intervention for bifurcation le-
ions is technically difficult and is associated with relatively
igh complication and restenosis rates even with the use of
rug-eluting stents (8–10). In addition, no study has proven
he superiority of systematic double stenting over provi-
ional stenting in these lesions. Therefore, the decision to
reat both branches should be made on the precise assess-
ent of the side branch lesion. However, the results of
re-intervention non-invasive tests are usually not helpful
ecause of plaque shifting, which usually occurs after stent-
ng of the main branch lesion.
The anatomic complexity and size variability of side
ranches make angiographic analysis difficult to use to
ccurately assess the functional significance of the jailed side
ranch lesions. Previous studies have validated the useful-
ess of FFR in angiographically ambiguous lesions (15–18).
n ostial lesions, Ziaee et al. (17) compared angiographic
everity with FFR and found that for lesions with 70%
tenosis, FFRs were 0.75 in only 5 of 25 lesions. In the
resent study, no jailed side branch lesion with a QCA-
ssessed stenosis of 75% was functionally significant, and
ide variations in FFRs were shown even in lesions with
75% stenosis. Only 27% of the lesions with 75%
orphologic stenosis on QCA were functionally significant.
n relatively large side branches (2.5 mm) with 75%
tenosis, which are usually considered as the target for side
ranch intervention, only 38% of these lesions were func-
ionally significant, suggesting that what you see is not
lways what you should widen. Taken together, our results
uggest that some patients may be exposed to unnecessary
igh-risk interventions unless functional assessment of the
esion is performed.
It is not always easy to re-cross the side branch with a
oppy guidewire after stent implantation at a main branch.
n our study, FFR measurement was successful in 97% of
esions with a pressure-monitoring guidewire, and there
ere no serious complications related to the procedure
xcept for one case of side branch dissection. These results
uggest that the assessment of a jailed side branch lesion
ith a pressure wire is both feasible and safe.
The fate of untreated jailed side branches is reported to be
enign (21–23). A recent study by Pan et al. (23) showed
hat the prognosis of side branches even with a dissection
fter balloon angioplasty was favorable. In our study, there
as no death or myocardial infarction during the follow-up
eriod, and one target lesion revascularization was per-
ormed in the side branch lesions with an initial FFR
0.75. All of the other revascularizations were caused by
he progression of the main branch lesion. These findings
uggest that results from previous studies that showed an
xcellent outcome after deferral of intervention based onFR (15,24) could also be extended to jailed side branch
esions.
There are several limitations to this study. First, we used
ntracoronary bolus administration and intracoronary con-
inuous infusion of adenosine to induce maximal hyperemia
ather than intravenous adenosine infusion, which is cur-
ently the widely used protocol. However, our previous
tudy showed that the hyperemic efficacy of intracoronary
denosine infusion was better than intracoronary bolus
denosine administration and comparable with intravenous
denosine infusion (25). Second, FFR reflects the degree of
tenosis of all lesions located proximal to the pressure
ensor. Although the mean FFR just proximal to the jailed
ide branch was 0.94  0.04, influence of the proximal
esion to the side branch FFR cannot be excluded. Third,
ecause intervention of a jailed side branch was performed
t the discretion of the operator and the number of study
atients was relatively small, the clinical follow-up results
ccording to side branch FFR could not be evaluated. Our
ata warrant further study to evaluate the optimal treatment
trategy of FFR-guided jailed side branch intervention in
ifurcation lesions.
In conclusion, FFR measurement in jailed side branch
esions is both safe and feasible. Quantitative coronary
ngiography is unreliable in the assessment of the func-
ional severity of jailed side branch lesions, and measure-
ent of FFR suggests that most of these lesions do not
ave functional significance. This strategy may prevent
nnecessary complex coronary interventions and related
omplications.
eprint requests and correspondence: Dr. Byung-Hee Oh,
ivision of Cardiology, Department of Internal Medicine, Seoul
ational University Hospital, Yongon-dong 28, Jongno-gu, Seoul,
epublic of Korea, 110-744. E-mail: ohbhmed@snu.ac.kr.
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